Background Nutritional status is strongly associated with prognosis in cancer patients. Controlling Nutritional Status (CONUT) score is a nutritional marker based on serum albumin, cholesterol, and total lymphocyte count. We investigated the prognostic significance of a combination of the tumor marker carcinoembryonic antigen (CEA) and CONUT score (T-CONUT) in colorectal cancer (CRC) patients. Methods A total of 522 patients who underwent surgery for CRC at our hospital were retrospectively enrolled in this study. Results Patients were divided into groups based on the results of receiver operating characteristic (ROC) curve analysis as follows: CONUT high (CONUT score ≥ 3) and CONUT low (CONUT score < 3), and CEA low (< 5 ng/mL) and CEA high (≥ 5 ng/mL). The 5-year overall survival (OS) rates of patients in the CONUT low and CONUT high groups were 76.0% and 53.9%, respectively (P < 0.0001), and in the CEA low and CEA high groups were 80.7% and 47.6%, respectively (P < 0.0001). Regarding T-CONUT, the 5-year OS rates of patients with CEA low /CONUT low , CEA low /CONUT high , CEA high /CONUT low , and CEA high / CONUT high were 84.7%, 69%, 55.3%, and 36.1%, respectively (P < 0.0001). Multivariate analysis identified T-CONUT score as an independent prognostic indicator in CRC patients. Conclusion T-CONUT may be a useful tool for predicting prognosis in CRC patients.
Recent advances in surgical techniques, perioperative management, and chemotherapy, including the use of molecular targeting drugs, have improved the prognosis of colorectal cancer (CRC) patients; however, it still ranks fourth with respect to cancer-related deaths worldwide. 1 Although colectomy with regional lymph node dissection is the main curative treatment for CRC, many patients experience recurrence even after complete removal of the tumor (R0 resection). Recent progress in chemotherapy has improved the prognosis of unresectable advanced and recurrent CRC, 2 while early detection of recurrence has been shown to increase survival after curative colectomy for CRC. [3] [4] It is therefore important to determine the factors affecting postoperative prognosis in patients with CRC. To this end, serum tumor markers (TMs) are easy to measure and potentially useful for diagnosis, predicting survival rates, and monitoring recurrence following surgery. Carcinoembryonic antigen (CEA) and carbohydrate antigen (CA) 19-9 are the most commonly used TMs for diagnosis, treatment monitoring, and predicting the prognosis in patients with CRC. 5 Recent studies demonstrated that the prognoses of various types of cancers were also affected by patientrelated factors, including inflammation, immunocompetence, and nutrition, with the correlation between nutritional status and cancer prognosis being of particular interest. Nutritional status has been shown to be an important risk factor associated with postoperative morbidity and mortality, [6] [7] [8] and various tools for assessing nutritional status have been reported. [9] [10] [11] Furthermore, recent studies also demonstrated a close association between nutritional status and prognosis in cancer patients, including patients with CRC. [12] [13] [14] The Controlling Nutritional Status (CONUT) score, which includes measures of serum albumin, total cholesterol, and peripheral lymphocyte count, was recently reported as a new tool for evaluating nutritional status. 15 The CONUT score has been reported to be closely associated with prognosis in gastric cancer, esophageal cancer, and CRC. [16] [17] [18] Serum TMs in CRC patients are mainly derived from the cancer itself, while the CONUT score reflects the patient's nutritional status, and both approaches have been shown to be useful in predicting the prognosis of CRC patients. The different origins of TMs and CONUT score suggested that their combination might be superior to either TMs or CONUT score alone for predicting the prognosis of CRC patients. The current study thus aimed to evaluate the prognostic significance of the combination of serum TMs and CONUT score in patients with CRC.
MATERIALS AND METHODS

Patients
This retrospective study enrolled 522 stage I -IV CRC patients who underwent colorectal resection at our hospital between January 2007 and December 2015. The clinicopathologic findings were assessed according to the 8 th edition of the Japanese Classification of Colorectal Carcinoma. 19 Patients were checked periodically for early recurrence by diagnostic imaging (chest X-ray, colonoscopy, ultrasonography, and computed tomography). Causes of death and patterns of recurrence were determined by reviewing medical records, including laboratory data, ultrasonography, computed tomography, scintigrams, and laparotomies, or by direct inquiry with family members. We collected data on preoperative blood tests within one month before surgery, including serum albumin, total cholesterol, and total peripheral blood lymphocyte count (TLC) from the patients' records. This study was approved by the Institutional Review Board of Tottori University (Approved number: 17A105).
CONUT score
CONUT score was calculated based on serum albumin, total cholesterol, and TLC (Table 1) . These factors were scored according to cut-off values, and the sum of the scores was used as the CONUT score. The patients were then divided into four categories according to CONUT 
Statistical analysis
Individual variables were compared among groups using χ 2 tests. Receiver operating characteristic (ROC) curves were generated and the area under the curve (AUC) was determined for survival analysis and to identify the optimal cut-off value for the CONUT score. Survival curves were calculated according to the Kaplan-Meier method. Differences between the curves were examined by log-rank tests. Possible prognostic factors for overall survival (OS) were subjected to multivariate analysis using a Cox's proportional hazards model and stepwise analysis. The covariates included in the analysis were age, gender, tumor size, histology, tumor location, depth of invasion, lymph node metastasis, distant metastasis, lymphatic invasion, vascular invasion, and T-CONUT. The accepted level of significance was P < 0.05. All statistical analyses were performed using SPSS software (SPSS for Windows Version 24, SPSS Inc., Chicago, IL). 
RESULTS
There were 271, 149, 68, and four patients with normal, light, moderate, and severe CONUT scores, respectively. According to ROC analysis, the optimal cut-off CONUT score for OS was 3 (AUC = 0.627, P < 0.0001).
Based on these results, the patients were divided into two groups as follows: CONUT high (CONUT score ≥ 3; n = 158) and CONUT low (CONUT score < 3; n = 364).
The relationships between CONUT score and clinicopathologic factors are shown in Table 2 . CONUT high was more common in elderly patients and in patients with large tumors, rectal cancer, and undifferentiated tumors, compared with non-elderly patients and patients with small tumors, colon cancer, and differentiated tumors, respectively. Furthermore, CONUT high was also more frequent in patients with T3/T4 tumors, those with distant metastasis, those with Curability C compared with patients with T1/T2 tumors, those without distant metastasis, and those with Curability A and B. One hundred and fifty patients died during the follow up period, 80 patients died from CRC progression or recurrence, and 70 patients died from other causes, such as other cancers (n = 17), pneumonia (n = 4), stroke (n = 3), myocardial infarction (n = 1), and other remaining unknown causes. There were no surgically related deaths. The 5-year OS rate was significantly higher in patients in the CONUT low (76%) compared with the CONUT high (53.9%) group (P < 0.0001) (Fig. 1a ). The mean serum CEA level was 16.2 ng/mL (range: 0.1-1166 ng/mL). The patients were also divided into two groups according to serum CEA concentration as follows: CEA high (≥ 5 ng/mL; n = 177) and CEA low (< 5 ng/mL; n = 345). The 5-year OS rate was significantly higher in patients in the CEA low (80.7%) compared with the CEA high (47.6%) group (P < 0.0001) (Fig. 1b) .
We determined the prognostic significance of the combination of CONUT score and CEA level (T-CONUT) by dividing the patients into four groups as follows: CEA low /CONUT low (n = 257); CEA low / CONUT high (n = 88); CEA high /CONUT low (n = 107); and CEA high /CONUT high (n = 70). Survival status was determined by ROC curves and the discriminatory abilities of CEA, CONUT, and T-CONUT were compared based on the AUCs. The AUCs of CEA, CONUT, and T-CONUT for OS were 0.66 (P < 0.0001), 0.627 (P < 0.0001), and 0.71 (P < 0.0001), respectively, indicating that T-CONUT was more useful than either indicator alone for predicting OS in CRC patients. The 5-year OS rates of patients with CEA low /CONUT low , CEA low /CONUT high , CEA high / CONUT low , and CEA high /CONUT high were 84.7%, 69%, 55.3%, and 36.1%, respectively (P < 0.0001) (Fig. 2a) . Moreover, the equivalent 5-year disease-specific survival rates were 92.9%, 82.1%, 68.8%, and 54.5%, respectively (P < 0.0001) (Fig. 2b) . We then examined the significance of T-CONUT for survival rate by Kaplan-Meier curve in stage I -IV. In stage I and IV CRC patients, there was no significant difference for survival rate among each T-CONUT group; however, in stage II and III patients, significant difference was observed for survival among each T-CONUT group similar to all stages (stage II: P = 0.001, and stage III: P = 0.006).
Regarding the cause of death, cancer-related deaths were observed in 14 (5.4%), 13 (14.8%), 26 (24.3%), and 27 patients (38.6%) in the CEA low /CONUT low , CEA low /CONUT high , CEA high /CONUT low , and CEA high / CONUT high groups, respectively (P < 0.0001) (Fig. 3) , while deaths due to other causes were observed in 23 (8.9%), 15 (17%), 16 (15%), and 16 patients (22.9%), respectively (P = 0.01) (Fig. 3) .
We then demonstrated ROC analysis of CEA, CONUT, and T-CONUT for cancer-related death and death from other cause, respectively. The AUCs of CEA, CONUT, and T-CONUT for cancer-related death were 0.762, 0.619, and 0.736, respectively, and while CEA had the highest AUC among these prognostic factors. Furthermore, the AUCs of CEA, CONUT, and T-CONUT for death from other causes were 0.589, 0.563, and 0.606, respectively, and T-CONUT was the highest AUC among them.
Multivariate analysis identified T-CONUT score as an independent prognostic indicator in CRC patients, together with age, lymph node metastasis, and distant metastasis (Table 3) .
DISCUSSION
The results of the current study demonstrated that CONUT score was useful for predicting the prognosis of CRC patients. Our results were similar to previous reports that demonstrated the significance of CONUT score for the patients after surgery with several cancers. [16] [17] [18] Previous study also demonstrated that CONUT score was useful prognostic indicator in metastatic colorectal cancer patients receiving first line chemotherapy. 20 CONUT includes measures of serum albumin, total cholesterol, and TLC. Albumin, which is the most abundant blood plasma protein, is produced in the liver and forms a large proportion of all plasma protein. Serum albumin is the standard factor used to assess a patient's nutritional status and has been reported to be closely associated with the prognosis of various cancers, including CRC. [21] [22] [23] TLC is also thought to reflect nutritional status, as well as being an indicator of immunocompetence. Lymphocytes include CD4+ and CD8+ T cells, natural killer (NK) cells, NK T cells, gamma-delta T cells, and B cells, which are reported to be closely associated with tumor immunity. Decreased numbers of these cells are thus likely to be associated with impaired tumor immunity, resulting in tumor progression. Several studies have demonstrated associations between the numbers of tumor-infiltrating lymphocytes, including CD4+ and CD8+ T cells, and cancer prognosis. [24] [25] [26] Furthermore, decreased numbers of immune cells, including NK cells, B cells, and gamma-delta T cells, in peripheral blood and cancer tissue have been correlated with poor prognosis in various cancers. [27] [28] [29] TLC might thus be a good indicator of cell-mediated immune status, including both acquired and adaptive immunities, as well as humoral immune status against CRC, indicating that the CONUT score reflects not only an individual's nutritional status, but also their immune status.
Both serum albumin level and TLC are included in the prognostic nutritional index (PNI), which is one of the most frequently used indicators for evaluating nutritional status. PNI was recently shown to be closely associated with the prognosis of various types of cancer, [13] [14] 30 indicating the values of both nutritional and immune status as prognostic indicators in cancer patients. In addition to serum albumin and TLC, the CONUT score also includes a measure of serum cholesterol, which has been reported to correlate with tumor progression and patient survival in various cancers, including CRC. [31] [32] [33] We also demonstrated that serum CEA level was closely associated with the prognosis of CRC patients in this study. Notably, however, CONUT score was useful for predicting the prognosis of CRC patients regardless of serum CEA level. Serum CEA mainly reflects the tumor status, whereas CONUT score reflects the patient's overall condition, including their nutritional and immune statuses. These results suggest that the combination of these two factors (T-CONUT) might provide more accurate prognostic information for CRC patients than either factor alone, as demonstrated by the current ROC analysis. Furthermore, T-CONUT was a more useful prognostic factor in patients with stage II or III CRC; therefore, considering the indication of adjuvant chemotherapy, T-CONUT may be helpful in usual clinical practice. Moreover, T-CONUT was also identified as an independent prognostic indicator by multivariate analysis.
Regarding cause of death, T-CONUT was related to both cancer-related deaths and deaths due to other causes; however, it was more closely related to other causes of death. Migita et al. previously used PNI to evaluate the preoperative immunonutritional status of patients and found that low PNI scores were associated with a higher risk of non-cancer deaths. 34 A similar study showed that low PNI scores increased the chance of respiratory failure due to pneumonia in older patients with gastric cancer, compared with patients with high PNI scores. 35 Overall, these findings suggest that poor nutritional status increases the risk of death from non-cancer-related diseases after surgery. This indicates the benefit of using patient-related factors for predicting the prognosis of cancer patients.
Our study had some limitations. First it was a retrospective study and was therefore subject to bias. Second, we divided patients into two groups with high and low CONUT scores using a cut-off value of 3; however, cut-off values for CONUT scores have varied among reports, and the optimal cut-off value remains unclear. Third, the number of patients included in the current study was small, and further large-scale, prospective, randomized, controlled trials are needed to confirm the results.
In conclusion, T-CONUT may be a useful prognostic indicator in patients with CRC. Given that serum markers can be measured quickly, easily, and noninvasively, T-CONUT may represent a useful biological marker in routine clinical settings.
